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SUMMARY

Tests were made in the Langley impact basin to
determine the relationship between impact normal accel-
eration and flight-path angle for seaplanes landing on
smooth water. The tests were made at both high and low
forward speeds with the model at 3° trim. The model

o
had a dead-rise angle of 22% and, with the drop linkage,

weighed 1100 pounds. The results of the tests indicated
that the maximum impact normal acceleration was propor-

tional to ¥1.56 over the test range of .flight-path
angle « and that the effects of gravity forces appeared
during the immersion procees after the maximum impact
normal acceleratlion had occurred.

INTRODUCTION

The time history of the impact acceleration that

occurs during symmetrical smoqth-water landings of a

- seaplane 1s dependent upon three principal flight
paraemeters: veloclty, flight-path angle, and trim. The
varietion of Ilmpact normal acceleration with resultant )
velocity 1s presented in reference l. It has heretofore
been lmpossible to -establish experimentally the relation-
ship between lmpact load and flight-path angle. Data
derlved from tests of full-scale airplanes have not been
aprlicable to the problem of determining this relation-
ship because of Ilnsufficlent accuracy in the measurement
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of the test parameters. The lLangley impact basin,
however, affords controlled as well as accurate means
for obtaining data relevant to thls problem (refer-
ence 1). Tests were made in the Langley 1mpact basin
to determine an emplrical variation of impact normal
acceleration with flight-path angle within the range of
smooth~water landings. The results of these teste,
which 1ricluded runs at both high and low speeds, are
repreosentative of a prismatic form because the model
(reference 1) was tested without the afterbody. The
effect of trim ls not included 1n the present report

-

since all runs were mace wlth the model at 3° trim.

SYMBOLS
v resultant veloclty of float, feet per second
Vi horizontal velocity component of float, feet
per second
Vv vertical veloclty component of float, feet per

second
g acceleration of gravity (32.2 rt/sec?)
\'2
¥ flight-path angle, degrees (%an-y = VE)'
v

vertical displacement of float, lnches

Py impact force, pounds
W total dropplng welght, pounds
ny impact load factor, g %%)
T - float trim, degrees’

»

EQUIPMEN?.AND INSTRUMENTATION

The model tested (fig. 1) was the forébody of the
float described in reference 1, which has an angle of

dead rise of 22§ The dropplng welght of the model was
held at 1100 pounds throughout the tests. The Instruments
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and equipment used throughout were the same as those
described in reference 1, except that an NACA alr-damped
accelerometer with a natural frequency of approximately -
21 cycles per second replaced the galvanometer-type
accelerometer previously used.

TEST PROCEDURE

The tests included two serles of runs: the first at
a forward speed of approxlmetely 98 feet per second and
the second, at approximately 45 feet per second. The
trim and yaw angle were held constant throughout, the
tests at 3° and 0°, respectively; whereas the vertical
velocity was varled to glve an epproximate .range of
Vy¢/Vy, from 0.015 to 0.130 for each series of tests.

The depth of lmmerelon was measured at the step. Durlng
the lupact process, a 1lift equal to the dropping welght
was exerted on the float by means of the buoyancy englne
described in reference 1. All test measurements were
recorded as tlime hlstorles.

PRECTISION

The apparatus used i1n the present tests glve meas-
urements that are belleved correct wlthin the followiling
limits:

Horizontal velocity, ft/s6c + o = v « « « « « « « 0.5
Vertical velocity, ft/s€c « « « o &« « v « « o « . 20.2
Ver’tical di Splacement, ino e @€ s © o s ® o ® o = :tO .2
Acceleration, g . « « = @ « s o o ¢ o« « « « o o« $0.5
Welght, Ib . . «'¢ ¢ ¢ ¢ o ¢ o o o ¢ ¢ o ¢« v « . *2.0

RESULTS AND DISCUSSION

The maximum normal load factor for each lmpact was
derived from the accelerometer record for each run.
Inasmuch as the buoyancy engine contributed a force
equal to the dropping welght, 1 g was subtracted from
the accelerometer record to isolate the hydrodynamilc
force resulting from the impact. Bechuse the maxlmum
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Impact normal acceleratlion was shqwn 1ln reference 1 to
be proportional to the aquare of the resultant velocity,
the hydrodynamic load factor was divided by V2 to
eliminate the effects of veloclty. The values of

D1 mex thus obtalned are plotted in figure 2 agalnst

the flight-path angle at the instant of water contact.
Withln the scatter of the test points, the variation of
Niax with « 1s an exponential function over the test

range. Evaluatlon of .the slope of the curve In figure 2
shows that for 3° trim
ny « Y1.56
max

Maximum depth of 1lmmersion ﬁnd depth of 1mmersion
at the time of Ny ex are plotted agalnst the flight-

path angle 1n flgure &. The curves representing the
imnersion at maximum ny for the two veloclty serles

colnclde and thereby show no effect of veloclty; however,
the curves.for maximum immersion show a definite separatlon
and thus Indicate a veloclty effect durlng thls period.

It is quite easy to show tlet the maximum depths of
immersion for impacts of equal flight-path angles but
different veloclties are the same provlded the acceleration
at any Instant 1s proportional to the square of the
veléelty and all other parameters are assumed constant.

The instantanedus impact acce¢lerations result from a
surmatlion of dynamic forces and grgvity forces, both of
which vary in magnitude during different stages of
Irmersion. The dynamic forces are proportignal to V2,

but the gravity forces do not follow the law. It

13 therefore evlident from figure 3 that the effects of
gravity forces, which are a function of Froude's number,
become sprarcnt durlng the Immersion process some time
after the maxlmum normal impact acceleration has occurred.
The accuracy of the data, however, 1s Insufflcient to
permit evaluatlon of the magnitude and extent of thils
effect.

CONCLUSIONS

Tests were made 1n the Langley lmpact basln to
determine the relatlonshlp between the lmpact normal
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ecceleration and flight-path angle for seaplanes landing
- on smooth water. .The results.of the tests, which were
made at constant weight and 3° trim, lndicated the
following conclusionss:

l., The maximum impact normal acceleratlon was pro=-

portional to Y1.36 over the test range of flight-path
angle .

2. The effects of gravlity forces appeared during
the lmmerslon proceses after the maximum impact normal
acceleration had occurrcd.

Langley Mcmorlal Aeronautical Laboratory
Natlonal Advisory Committee. for Aeronautics
Langlcy Fileld, Va.
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Figure 1.-
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Side view of model fastened to boom
in Langley impact basin,




NACA RB No. L5A24

Flight-path argle, 7, deg
Figure 2.- Variation of the

parameter n;

with flight-path angle. 7°=3°
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